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C57)Abstract 

PURPOSE: To provide a formation method of an AIGalnN thin film of high 
quality which has little dislocation and point defects and is suitable for 
manufacture of a blue-color semiconductor laser element. 
CONSTITUTION: A carbide layer continuously changing from Si to SiC is 
form d by setting the revolving speed of a heater on which a substrate is 
located to 300 rpm or higher, and feeding a methane gas onto an Si 
substrate 11 heated to 1200"' C. The temperature is lowered to less than 
600' 0, and a GaN non-single crystal 12 20nm thick is formed. Then, a GaN 
layer 13 is formed with a substrate temperature not lower than 900° C. and 
an AIGalnN layer 15 for lattice matching with the GaN layer 13 is formed on 
th GaN layer with a substrate temperature set within a range of 300-900° 
C. To form the AIGalnN thin film, an alkylamlne based material, a hydrazine 
based material, or a mixture of an alkylamine based material, a hydrazine 
based material and ammonia, is used as a nitrogen material. Thus, an 
AIGalnN thin film of high quality with little dislocation and point defects can 
be form d at low temperatures. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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CLAIMS^ _^ 

[Claim(s)] 

[Claim 1] In the method of supplying the raw material containing the raw material containing 3 group composition element, 
and nitrogen, and forming an AIGaInN thin film through a buffer coat on the heated substrate front fece The rotational 
speed of the heating object which has arranged the aforementioned substrate is 300 or more revolutions per minute. It is 
the m thod of forming a GaN layer at the substrate temperature of 900 degrees C or more, and forming an AIGaInN layer 
on the aforementioned GaN layer at the substrate temperature set up within the limits of 300-900 degrees O. Formation of 
the afor mentioned AIGaInN iayer is the formation method of the AIGaInN thin frim characterized by using the mixed raw 
mat rial of an alkylamine system, a hydrazine system or an alkylamine system, a hydrazine system, and ammonia as a 
nitrog n raw material. 

[Claim 2] The raw material containing the raw material containing 3 group composition element and nitrogen is supplied on 
th h ated substrate front face. In the method of forming the AIGaInN multilayer which consists of Alxl Gayllnzl N layer / 
Alx2Gay2Inz2N layer / Alx3Gay3Inz3N layer (Eg2<Eg1 and Eg3:Eg are a band gap) through a buffer coat The rotational 
sp d of the heating object which has arranged the aforementioned substrate is 300 or more revolutions per minute. A GaN 
lay r is formed at the substrate temperature of 900 degrees C or more. The Alx3Gay3Inz3N layer which carries out grid 
aciiustm nt in the aforementioned GaN layer at the Aixl Gayllnzl N layer which carries out grid adjustment. 2% or less of 
Alx2Gay2Inz2N layer which carries out grid mismatching, and the aforementioned GaN layer at the substrate temperature 
set up within the limits of 300-900 degrees C on the aforementioned GaN layer It is the formation method of the AIGaInN 
multilay r characterized by being the method of forming and formation of the aforementioned AIGaInN multilayer using the 
mix d raw material of an alkylamine system, a hydrazine system or an alkylamine system, a hydrazine system, and ammonia 
as a nitrogen raw material. 

[Claim 3] The formation method of the AIGaInN thin film which the rotational speed of the heating object which has 
arranged the aforementioned substrate is 300 or more revolutions per minute, and is characterized by to arrange the 
distorted superstructure which consists of an AIGaInN layer In the aforementioned GaN layer and on a GaN layer in the 
method of supplying the raw material containing the raw materia) containing 3 group composition element, and nitrogen on 
the h at d substrate front face, forming a GaN layer through a buffer coat, and forming an AIGaInN thin film on the 
afor mentioned GaN layer. 

[Claim 4] An AIGaInN layer is the formation method of the AIGaInN thin film given [ the 1 st and 3 ] in a claim characterized 
by forming by repeat supply of the raw material which supplies the raw material containing 3 group composition element 
intermitt ntly. and constitutes an InN layer and an AIGaN layer, and the formation method of the AIGaInN multilayer the. 
2nd publication. 

[Claim 5] The formation method of the AIGaInN thin film characterized by making the carbonization layer which heated the 
aforem ntioned substrate in the atmosphere of the raw material containing hydrogen gas and carbon in the method of 
supplying the raw material containing the raw material containing 3 group composition element, and nitrogen, and forming an 
AIGaInN thin film through a buffer coat on the heated substrate front face, and was formed on the aforementioned 
substrate front face into a buffer coat. 

[Claim 6] In the method of supplying the raw material containing the raw material containing 3 group composition element, 
and nitrogen, and forming an AIGaInN thin film through a buffer coat on the heated substrate front face Subsequently with 
the carbonization layer which heated the aforementioned substrate in the atmosphere of the raw material containing 
carbon, and was formed on the aforementioned substrate front face, an alkylamine system, The formation method of the 
AIGaInN thin film characterized by making Into a buffer coat at least the nitrated case formed on the aforementioned 
carbonization layer front face in the atmosphere containing the mixed raw material of a hydrazine system or an alkylamine 
system, a hydrazine system, and ammonia. 

[Claim 7] In the method of supplying the raw material containing the raw material containing 3 group composition element, 
and nitrogen, and forming an AIGaInN thin film through a buffer coat on the heated substrate front face An alkylamine 
system, a hydrazine system or an alkylamine system, a hydrazine system, the nitrated case formed on the aforementioned 
substrate front face in the atmosphere containing the mixed raw material of ammonia, the raw material which subsequently 
contains 3 group composition element and an alkylamine system, The formation method of the AIGaInN thin film 
charact rized by making into a buffer coat the GaN non-single crystal layer formed on the aforementioned nitrated-case 
front face in th atmosph re containing the mixed raw mat rial of a hydrazine syst m or an alkylamine system, a hydrazine 
system, and ammonia. 

[Claim 8] Th manufactur method of an AIGaInN thin film given in the 5-7th either of a claim which is characterized by 
making Into 300 or more r volutions per minute rotational speed of the heating object which has arranged the substrate. 
[Claim 9] The formation method of an AIGaInN thin film given in the 1st, 3. 4, 5, 6, or claim 7 characterized by substrates 
being sapphire. SiC, ZnO and Si, GaAs, and GaP and InP. 

[Claim 1 0] The formation m thod of the AIGaInN multilayer according to claim 2 charact rized by substrates being sapphire, 
SiC, ZnO and Si. GaAs. and GaP and InP. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates [ the blue which can be used for the fight sources for information processors, 
such as copper rust color light emitting diode and an optica! disk, or ] to the thin film formation method of nitride system 
material about the manufacture method of the semiconductor laser element of short wavelength further. 
[0002] 

[D scription of the Prior Art] Since 670nm band AIGalnP system red semiconductor laser was commercialized in 1988, 
developm nt of short wavelength semiconductor laser has been actively performed as the light sources for information 
proc ssors, such as a LASER beam printer and an optical disk. Although the center of development was 670-690nm at the 
beginning, a wavelength field is shifting to helium-Ne gas laser and 630nm band of this level with the demand of an 
improv ment of the visibility of a bar code reader, the densification of an optical disk. etc. Furthermore, with increase of 
storage capacity, it is anxious for the semiconductor laser realization covering the blue and the ^een shell ultraviolet region 
of short wavelength from red, and research of 2-6 group system semiconductor laser has been progressing quickly ignit d 
by p type conductlvity^ype control having been attained in the future. On the other hand, since a GaN bulk substrate 
crystal could not produce it easily although the gallium nitride (GaN) was a material promising as a light emitting device 
covering a blue shell ultraviolet region at a transited [ directly ] type compound semiconductor with about 3.4eV extensive 

n rgy gap, but there was no substrate crystal good otherwise, the development as semiconductor laser was seldom 
progr 5 sing. 

[0003] G nerally as the production method of a GaN thin film, the method of carrying out a vapor growth by the MOVPE 
method (organic-metal vapor growth) is used on the alpha-aluminum 203 (sapphire) substrate. It Is going to decompose, 
and this tends to make trimethylgaliium and ammonia react on the substrate heated at about 1050 degrees C, for example, 
a sapphire front iace. and tends to grow a GaN thin film, ft was proved recently using the Cth (0001) page of sapphire that 
a comparatively good GaN thin film could be formed through GaN or an AIN non-single crystal layer. However, since the 
diff renc of the very big grid mismatching of 1 3.8% or a big coefficient of thermal expansion was between the Cth pag of 
sapphir . and GaN. when a non-single crystal layer was minded, although relief of grid mismatching was started efficiently, 
two or more [ 108cm - ] misfit transposition still existed, and quality thin film formation of it was not completed. 
[0004] As compared with that everything but the good substrate crystal a trouble when carrying out the crystal growth of 
the AIGalnN mixed-crystal thin film containing aluminum and In of 4 yuan carries out [ a crystal ] grid adjustment as 
mentioned above not existing has the low decomposition efficiency of the ammonia used as a nitrogen raw material, and the 
growth temperature of AIN and GaN. the decomposition temperature of InN is collected by that it is low temperature rather 
than th m. 

[0005] Since decomposition of ammonia took an elevated temperature, substrate temperature needed to be made into 900- 
1 100 d grees C as mentioned above. For this reason, the hole of much nitrogen arose in the film, and if the grown-up GaN 
lay r remained as it was, it became the thin film which shows n-type-conduction nature, and had the fault that the GaN 
thin film of high resistance was hard to be obtained. Therefore, compared with 1000 to 5000, and the other-materials 
system. 2 so-called figures of of the supply ratio of three groups and five groups, and a 3 / 5 ratios needed to be enlarged 
from 1 figure. Although it was desirable to grow up at low temperature as much as possible, since the decomposition 
temperature was very high, even when growing up at low temperature, very a lot of ammonia is required for ammonia, and it 
was over the range which can be supplied practical. 

[0006] Moreover, when growing up AIGalnN at about 1000 degrees C using ammonia, as for ammonia, for a low reason, 
d composition efficiency tends to be desorbed from a substrate front face from In. By decomposition of InN. since the 
amount of incorporation of In was remarkable and there were, control of composition was difficult and brought about 
d gradation of surface morphology, and there was a fault that a quality AIGalnN thin film was hard to be obtained. [ few ] 
[0007] 

[Problem(s) to bo Solved by the Invention] According to the above-mentioned conventional technology, since ammonia was 
us d as a raw material of the nitrogen, it was not able to grow up to be the crystal growth of a nitride with the degree of 
low t mperature comparatively. Therefore, at the time of MOVPE growth, the big heat convection occurred on the 
substrate, the uniform feeding to a substrate top was difficult, and control of the conduction type by the impurity dope, i.e., 
growth of the nitride of p type conduction, was difficult this invention mak s possibl the crystal growth which was 

xcellent in low temp rature at the controllability, and aims at offering the formation method of the AIGalnN thin film in 
which it is possible to obtain a good AIGalnN thin film with few holes of nitrogen, and the conduction^ype control which can 
b asily made into an n-^ype-conduction type or p type conductivity by the impurity dope is possibl . It s ts it as the 
main purposes to off r the formation method of the AtGaInN thin film containing esp cially In. 

[0008] Moreov r. according to the conventional technology, since [ that it is bad and ] the difference of a coefficient of 
thermal expansion of the ac(|ustm nt of the lattice constant of a nitrid and silicon on sapphire was also large, a pit and a 
crack tended to go into th grown-up nitride, it was uniform, and growth of the good nitride of flat nature was difficult for it. 



[0009] this invention can carry out thin film formation at low temperature conventionally, and aims at transposition off ring 
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the formation method of the f w good AIGaInN thin film of flat nature. 

[0010] Although sapphire was furthermore used as a substrate according to the conventional t chnology, processing was 
difficult and production of a device was noli easy, this invention is cheap, is uniform on the easy substrate of processing, 
and aims at offering the formation method of the good AIGaInN thin film of flat nature. 
[00113 

[Means for Solving the Problem] In order to attain th abov -mentioned purpose, the formation method of an AIGaInN thin 
film according to claim 1 In the method of supplying th© raw mat rial containing the raw material containing 3 group 
composition lem nt. and nitrogen, and forming an AIGaInN thin film through a buffer coat on the heat d substrate front 
face The rotational sp ed of the heating object which has arranged the aforemention d substrat is 300 or more revolutions 
per minute. It is the method of forming a GaN layer at th substrate temperatur of 900 d gre s C or more, and forming an 
AIGaInN layer on the aforementioned GaN layer at the substrate temperature set up within the limits of 300-900 degrees 
C. It is characterized by formation of the aforementioned AIGaInN layer using the mixed raw material of an alkylamine 
system, a hydrazine system or an alkylamine system, a hydrazine system, and ammonia as a nitrogen raw material. 
[0012] The production method of an AIGaInN multilayer according to claim 2 The raw material containing the raw material 
containing 3 group composition element and nitrogen is supplied on the heated substrate front face. In the method of 
forming the AIGaInN multilayer which consists of Alx1 Gayl Inzl N layer / Alx2Gay2lnz2N layer / Alx3Gay3Inz3N layer 
(Eg2<Eg1 and Eg3:Eg are a band gap) through a buffer coat The rotational speed of the heating object which has arranged 
th© afor mentioned substrate is 300 or more revolutions per minute. A GaN layer is formed at the substrate temperature of 
900 degrees C or more. The Alx3Gay3Inz3N layer which carries out grid adjustment in the aforementioned GaN layer at the 
AlxIGayllnzIN layer which carries out grid adjustment, 2% or less of Alx2Gay2Inz2N layer which carries out grid 
mismatching, and the aforementioned GaN- layer at the substrate temperature set up within the limits of 300-900 degrees C 
on the aforementioned GaN layer It is the method of forming and is characterized by formation of the aforementioned 
AIGaInN multilayer using the mixed raw material of an alkylamine system, a- hydrazine system or an alkylamine system, a 
hydrazine system, and ammonia as a nitrogen raw material. 

[0013] The production method of an AIGaInN thin film according to claim 4 and a multilayer is characterized by forming an 
AIGaInN layer by repeat supply of the raw material which supplies the raw material containing 3 group composition element 
intermitt ntly, and constitutes an InN layer and an AIGaN layer in the formation method of an AIGaInN thin film given [ the 
1st and 3 ] in a claim, and the formation method of the AIGaInN multilayer the 2nd publication. 

[0014] The formation method of an AIGaInN thin film according to claim 3 In the method of supplying the raw material 
containing the raw material containing 3 group composition element, and nitrogen on the heated substrate front face, 
forming a GaN layer through a buffer coat, and forming an AIGaInN thin film on the aforementioned GaN layer The rotational 
speed of the heating object which has arranged the aforementioned substrate is 300 or more revolutions per minute, and it 
is characterized by arranging the distorted superstructure which consists of an AIGaInN layer in the aforementioned GaN 
lay r and on a GaN layer. 

[0015] The formation method of an AIGaInN thin film according to claim 5 is characterized by to make into a buffer coat the 
carbonization layer which heated the aforementioned substrate in the atmosphere of the raw material containing hydrogen 
gas and carbon, and was formed on the aforementioned substrate front face in the method of supplying the raw material 
containing the raw material containing 3 group composition element, and nitrogen, and forming an AIGaInN thin film through 
a buffer coat on the heated substrate front face. 

[001 6] The formation method of an AlGaInN thin film according to claim 6 In the method of supplying the raw material 
containing the raw material containing 3 group composition element, and nitrogen, and forming an AIGaInN thin film through 
a buffer coat on the heated substrate front face Subsequently with the carbonization layer which heated the 
aforementioned substrate in the atmosphere of the raw material containing cari>on, and was formed on the aforementioned 
substrate front face, an alkylamine system. It is characterized by making into a buffer coat at least the nitrated case 
formed on the aforementioned carbonization layer front face in the atmosphere containing the mixed raw material of a 
hydrazine system or an alkylamine system, a hydrazine system, and ammonia. 

[0017} The formation method of an AIGaInN thin film according to claim 7 In the method of supplying the raw material 
containing the raw material corrtaining 3 group composition element, and nitrogen, and forming an AIGaInN thin film through 
a buffer coat on the heated substrate front face An alkylamine system, a hydrazine system or an alkylamine system, a 
hydrazine system, the nitrated case formed on the aforementioned substrate front face in the atmosphere containing the 
mixed raw material of ammonia, the raw material which subsequently contains 3 group composition element and an 
alkylamine system. It is characterized by making into a buffer coat the GaN non-single crystal layer formed on the 
aforementioned nitrated-case front face in the atmosphere containing the mixed raw material of a hydrazine system or an 
alkylamine system, a hydrazine system, and ammonia. 

[0018] As for the rotational speed of the heating object which has arranged the substrate, in the above claim, it is desirable 
to consider as 300 or more revolutions per minute. Moreover, as for a substrate, it is desirable that they are sapphire, SIC, 
ZnO and Si. GaAs. and GaP and InP. 
[0019] 

[Function] One of the troubles in the crystal growth of an AIGaInN thin film is that the decomposition temperature of InN is 
low temperature from them as compared with the growth temperature of AIN and GaN. That is. when growing up an 
AIGaInN thin film at the growth temperature of an AIGaN thin film using ammonia, since d composition efficiency of 
ammonia is low. In t nds to be d sorb d from a substrate front face. By decomposition of InN. since th amount of 
incorporation of In is remarkable and there are. control of composition is difficult and brings about degradation of surface 
morphology. [ few ] 

[0020] Since high-speed rotation of the substrate was carried out using the nitrogen raw material which contains the low 
alkylamine system of a decomposition temperature, and a hydrazine system at least according to the production method of 
the AIGaInN thin film of a claim 1, and the production m thod of the AIGaInN multilayer of a claim 2, it can grow up at low 
temperature comparatively, and suppression of the gas convection current by the high thing and the suppression of the 
maceration of In of growth temperature are attained. Th refore, formation of a quality AIGaInN thin film or an AIGaInN 
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multilay r is attained from the former at low t mp rature. 

[0021] supplying mat rial gas on a substrate by turns like In, N/N/Ga. aluminum, and N/N at low t mp rature using the 
nitrog n raw material containing the mixed raw material of an alkylamine syst m. a hydrazine syst m or an alkylamine 
syst m, a hydrazine system, and ammonia according to the production method of th AtGaInN thin film of a claim 3 — a 
nitrogen hoi — few — In — taking — ** rare ** — since it becomes stable, formation of a quality AIGaInN thin film or an 
AIGaInN multilay r is attained from the form r at low temperature 

[0022] One f the troubles in the crystal growth of an AIGaInN thin film is that there is no grid acOustm nt substrate. 
Although th nitride thin film was conventionally form d through the non-single crystal layer of AIN or GaN on silicon on 
sapphire, silicon on sapphire is difficult to process it. and it is unsuitable as a substrat for semiconductor devic s. And 
b twe n AIN or a GaN non-sir^le crystal layer, since still big grid mismatching and heat distortion exist, propagation of the 
transposition generated in the interface with a substrate cannot be suppressed enough. 

[0023] Since according to the production method of the AIGaInN thin film of a claim 4 the AIGaInN superlattice containing 
distortion is arranged before carrying out AiGaInN thin film formation, since the movement component to field inboard 
b comes large, the transposition generated from the substrate interface can suppress the propagation to an up layer 
efficiently, and can form a quality AIGaInN thin film. 

[0024] According to the production method of the AIGaInN thin film of claims 5 and 6, carbon is spread in a substrate 
during h at treatment performed before forming an AIGaInN thin film, for example on a silicon substrate, and when silicon 
dissociat s from the inside of a substrate, the carbonization layer which carries out continuous composition change from 
silicon to SiC can be formed. Since generating of transposition is suppressed since the lattice constant of SIC is as near as 
the lattice constant of a nitride, and there is an effect also in relief of heat distortion, propagation of the transposition to an 
AIGaInN thin film can be reduced sharply. 

[0025] According to the production method of the AIGaInN thin film of a claim 7. nitrogen Is spread in a substrate during 
h at treatment performed before forming an AIGaInN thin film, for example on a GaP substrate, and when P dissociates 
from the inside of a substrate, the nitrated case which carries out continuous composition change from GaP to GaN can be 
form d. Furthermore, since the non-single crystal layer of GaN is formed, the nucleus to which homogeneity and partici 
siz w r equal can be formed. For this reason, since generating of transposition is suppressed and there is an effect also 
in r lief of heat distortion, propagation of the transposition to an AIGaInN thin film can be reduced sharply. 
[0026] Thus, the formation of an AIGaInN thin film quality also on the easy substrate of the other processing, for example, a 
silicon substrate and a GaP substrate, including sapphire is possible. 

[0027] Th refore, this invention is very useful to the blue semiconductor laser element manufacture which can be used for 

high blue light emitting diode, the light source for information processors, etc. of luminous efficiency. 

[0028] 

[Example] Hereafter, an example explains this invention. In addition, about the same portion, the same sign is described 
below. 

[0029] The MOVPE equipment roughly shown in drawing 1 was used for manufacture of an AIGaInN thin film. Here, the gas 
introduction pipe 2 made from a quartz is attached in the interior of the coil 1 made from a quartz. From the gas 
introduction pipe made from a quartz, the raw material containing the raw material containing 3 group composition element 
and nitrogen can be simultaneously supplied now.- The coil 3 for high— frequency heating is installed in the periphery of the 
coil 1 made from a quartz, and the susceptor 4 made from graphite by which the SiC coat was carried out is installed in the 
interior. The susceptor 4 made from graphite is supported by the motor by the susceptor bearing bar 5 which can rotate to 
about 1000 revolutions per minute. It has the composition that the substrate 7 carried on the tray 6 made from a quartz 
can be installed in the susceptor 4 made from graphite upper surface. Moreover, the exhaust port 8 connected to the 
vacuum pump is formed in the pars basilarls ossis occipitalis of the coil 1 made from a quartz, and it has come to be able to 
p rform the pressure regulation in the coil 1 made from a quartz, and exhaust air of gas. 

[0030] {Example 1) Cross-section structural drawing of the AIGaInN thin film produced by the formation method of the 
AIGaInN thin film of the first example of this invention to drawing 2 is shown. About the formation method of an AIGaInN 
thin film using the MOVPE equipment of drawing 1 , order is explained later on. 

[0031] (111) After carrying out organic washing of the field silicon substrate 1 1, it has arranged as a crystal -growth 
substrate on the tray 6 made from a quartz, and introduced in the coll 1 mads from a quartz. After introducing hydrogen 
gas in th coil 1 made from a quartz, coil 1 made from a quartz internal pressure was set as 1/10 atmospheric pressure, 
and th susceptor 4 made from graphite was rotated by 800 revolutions per minute. The temperature up of the susceptor 4 
made from graphite was carried out to 1200 degrees 0 in hydrogen gas. and cleaning of silicon-substrate 1 1 front face was 
p rformed. After lowering substrate temperature to 600 degrees 0, the hydrazine was introduced as a V group raw mat rial 
on the 11th page of a silicon substrate from the gas introduction pipe 2 made from a quartz, and trimethylgallium was 
introduced as 3 group raw materials after 1 minute. Introduction of trimethylgallium was stopped after depositing the non- 
single crystal GaN layer 12 of 20nm of thickness. This was used as a buffer coat. Subsequently, the temperature up of the 
substrate temperature was carried out to 1000 degrees C, in addition to the hydrazine, ammonia was introduced as a V 
group raw material, and trimethylgallium was introduced as 3 group raw materials after 1 minute. Introduction of 
trim thylgallium was stopped after growing up the GaN layer 13 of 3 micrometers of thickness. When 3 micrometers grew, 
GaN layer 13 front face became flat, and propagation of the defect generated from the substrate interface was reduced 
remarkably. Subsequ ntly, substrate temp ratur was low r d at 800 d gr es C, trim thylgallium. a trimethylaluminum, and 
trimethylindium were introduced simultaneously, and aluminum0.45Ga0.5In0.05N layer 14 of 0.5 micrometers of thickness 
was grown up. Aft r stopping introduction of trim thylgallium, a trimethylaluminum, and trimethylindium. introduction of a 
hydrazine and ammonia was stopped in the plac which low red substrate temperature and became the temperature of 300 
degrees C or less. Aft r dropping the t mperatur of a substrate to a room t mperature, the substrate was taken out from 
the inside of the coil 1 made from a quartz. 

[0032] When rotating the susceptor 4 made from graphite by 10 revolutions per minut , to In composition of a mixed- 
crystal lay r having been 0.02. the obtained crystal front face was uneven, in the case of this xample. there was little 
adh sion of a resultant in the gas introduction pipe 2 made from a quartz, a lot of r sultants adher d to the gas 
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introduction pipe 2 made from a quartz, and. as for carrier concentration, according to the hall ffect, 1015cm~3 and the 4 
yuan mix d crystal with very f w defects of 4 yuan w re obtained by th mirror plane. Moreover, it checked that In 
composition was set to 0.05. In was incorporat d by high-sp ed rotation of 800 r volutions per minute, and a rate 
increased. Though it was 800 degrees C and low t mperature, the mix d crystal of 4 yuan more nearly quality than the GaN 
lay r which grew at 1 000 degr ' es C was obtained, it is the depressor effect of reduction of the nitrog n hole by these 
r suits having introduced a hydrazine and ammonia simuttan ously, and th maceration of In, and convection-current 
suppr ssion of the gas str am by high-speed rotation and a raw material ar efFici nt — it is thought that it dap nds for 
incorporating 

[0033] (Example 2) It is cross-section structural drawing of the AIGaInN multilayer produc d by th formation method of 
th AIGaInN multilayer of the second example of this inv ntion to drawing 3 . About the formation m thod of an AIGaInN 
muhiilayer using the MOVPE equipment of drawing ^, , order is explained later on. 

[0034] (111) After carrying out organic washing of the field silicon substrate 11. it has arranged as a crystal-growth 
substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After introducing hydrogen 
gas in the coil 1 made from a quartz, coil 1 made from a quartz internal pressure was set as 1/10 atmospheric pressure, 
and the susceptor 4 made from graphite was rotated by 800 revolutions per minute. The temperature up of the susceptor 4 
mad from graphrte was carried out to 1200 degrees C in hydrogen gas, and cleaning of silicon-substrate 11 front face was 
performed. After lowering substrate temperature to 600 degrees C. the hydrazine was introduced as a V group raw material 
on the 1 1th page of a silicon substrate from the gas introduction pipe 2 made from a quartz, and trimethylgallium was 
introduced as 3 group raw materials after 1 minute. 

[0035] Introduction of trimethylgallium was stopped after depositing the non-single crystal GaN layer 12 of 20nm of 
thickness. This was used as a buffer coat. Subsequently, the temperature up of the substrate temperature was carried out 
to 1000 degrees C. in addition to the hydrazine, ammonia was introduced as a V group raw material, and trimethylgallium 
was introduced as 3 group raw materials after 1 minute. Introduction of trimethylgallium was stopped after growing up the 
GaN layer 13 of 3 micrometers of thickness. 

[0036] When 3 micrometers grew. GaN layer 1 3 front face became flat, and propagation of the defect generated from the 
substrate interface was reduced remarkably. Subsequently, substrate temperature was lowered at 800 degrees G, 
trim thylgallium. a trimathylaluminum, and trimethyl indium were introduced simultaneously, and aluminumO.45GaO.5InO.05N 
lay r 15 of 1.0 micrometers of thickness which carried out grid adjustment was grown up to be the GaN layer 13. After 
stopping introduction of trimethylgallium, a trimethylaluminum, and trimethylindium, substrate temperature was lowered to 
700 degr es 0, trimethylgallium and trimethylindium were introduced simultaneously, and Ga0.8In0.2N layer 16 of 0.01 
micrometers of thickness with a stacking fauK: was grown up. Subsequently, after stopping introduction of trimethylgallium 
and trimethylindium, the temperature up of the substrate temperature was carried out to 800 degrees C, trimethylgallium, a 
trim thylaluminum, and trimethylindium were introduced simultaneously, and aluminum0.45Ga0.5In0.05N layer 17 of 
thickn ss I.Oum which carried out grid adjustment was again grown up to be the GaN layer 13. After stopping introduction 
of trimethylgallium. a trimethylaluminum, and trimethylindium, introduction of a hydrazine and ammonia was stopped in the 
place which lowered substrate temperature and became the temperature of 300 degrees C or less. After dropping the 
t mperature of a substrate to a room temperature, the substrate was taken out from the inside of the coil 1 made from a 
quartz. 

[0037] The front face of the obtained AIGaInN multilayer is a mirror plane, and checked strong luminescence from 
Ga0.8In0.2N layer 16 as a result of photoluminescence measurement. 

[0038] When rotating the susceptor 4 made from graphite by 10 revolutions per minute, a lot of resultants adhere to the ^s 
introduction pipe 2 made from a quartz, the obtained crystal front face was uneven, In composition was set to 0.2, In was 
incorporated by rotation of 800 revolutions per minute, and increase of a rate was checked [ in the case of this exampi , 
there was little adhesion of a resultant in the gas introduction pipe 2 made from a quartz to In composition of a GaInN layer 
having been 0.12, ]. Though it was 800 degrees 0 and low temperature, the multilayer containing In more nearly quality than 
GaN which grew at 1000 degrees C was obtained, it is the depressor effect of reduction of the nitrogen hole by these 
results having introduced a hydrazine and ammonia simultaneously, and the maceration of In, and convection-current 
suppr ssion of the gas stream by high-speed rotation and a raw material are efficient — it is thought that it depends for 
incorporating 

[0039] Moreover, formation of a multilayer was possible, maintaining crystallinity of the same grade as grid adjustment 
mixed crystal, even if it introduced GaInN with a stacking fault. 

[0040] (Example 3) Cross-section structural drawing of the AIGaInN thin film produced by the formation method of the 
AIGaInN thin film of the third example of this invention to drawing 4 is shown. About the manufacture method of an AIGaInN 
thin film using the MOVPE equipment of drawing 1 , order is explained later on. 

[0041] (111) After carrying out organic washing of the field silicon substrate 11, it has arranged as a crystal-growth 
substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After introducing hydrogen 
gas in the coil 1 made from a quartz, coil 1 made from a quartz internal pressure was set as 1/10 atmospheric pressure, 
and the susceptor 4 made from graphite was rotated by 800 revolutions per minute. The temperature up of the susceptor 4 
made from graphite was carried out to 1 200 degrees C in hydrogen gas. and cleaning of silicon-substrate 1 1 front face was 
performed. After lowering substrate temperature to 600 degrees G, the hydrazine was introduced as a V group raw mat rial 
on the 1 1th page of a silicon substrate from the gas introduction pipe 2 made from a quartz, and trimethylgallium was 
introduc d as 3 group raw mat rials aft r 1 minute. Introduction of trim thylgallium was stopped after d positing the non- 
single crystal GaN layer 12 of 20nm of thickness. This was used as a buff r coat. 

[0042] Subsequently, the t mperature up of the substrate t mperature was carried out to 1000 degrees C, in addition to 
the hydrazine, ammonia was introduced as a V group raw material, and trimethylgallium was introduced as 3 group raw 
materials after 1 minute. Introduction of trimethylgallium was stopped after growing up the GaN layer 13 of 3 micromet rs 
of thickness. When 3 micrometers grew. GaN layer 1 3 front face became flat, and propagation of the defect generated from 
the substrate interface was reduced remarkably. Subsequently, substrate temperature was lowered at 800 degre s 0. 
trimethylgallium and the trimethylaluminum were introduced simultaneously, and aluminum0.3Ga0.7N lay r 18 of 2nm of 
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thickness was grown up. After stopping introduction of trimethylgallium and a trimethylaluminum. trim thylgallium and 
trimethylindium w re introduced simultaneously and Ga0.8In0.2N layer 19 of 2nm of thickn ss was grown up. After growing 
up the aluminum0.3Ga0.7 N/Ga0.81n0.2N distorted superlattice 20 of 40 p riods contrnuously, trimethylgallium was 
introduc d again, the GaN lay r 21 of 2 micromet rs of thickness was grown up. and introduction of trimethylgallium was 
stopped. Subs quently. trimethylgallium, a trimethylaluminum, and trimethylindium were introduced simultaneously and 
aluminumO.45GaO.5InO.05N layer 14 of 0.5 micrometers of thickness was grown up. After stopping introduction of 
trimethylgallium, a trimethylaluminum, and trimethylindium, introduction of a hydrazine and ammonia was stopped in the 
plac which low r d substrate temperature and became the temperatur of 300 degr es C or less. After dropping the 
temp rature of a substrate to a room temperature, the substrat was taken out from the inside of the coi! 1 made from a 
quartz. 

[0043] By introducing the aluminum0.3Ga0.7 N/Ga0.81n0.2N distorted superlattice 20. propagation of the defect generated 
from the substrate interface was suppressed remarkably, and the defect of about 2 more figures was reduced compared 
with th case of an example 1. According to [ in the obtained crystal front face ] the hall effect at the mirror plane, carrier 
concentration is three or less [ 1015cm - ]. and the GaN layer growth temperature grew up to be at 1000 degrees C though 
it was 800 degrees 0 and low temperature, and 4 yuan mixed crystal still more nearly quality than the case of an example 1 
were obtained. 

[0044] (Example 4) It is cross-section structural drawing of the AIGaInN multilayer produced by the formation method of 
the AIGainN multilayer of the fourth example of this Invention to drawinR 5 . About the formation method of an AtGaInN 
multilayer using the MOVPE equipment of drawing 1 . order is explained later on. 

[0045] (111) After carrying out organic washing of the field silicon substrate 1 1 , it has arranged as a crystal-growth 
substrat on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After Introducing hydrogen 
gas in th coil 1 made from a quartz, coil 1 made from a quartz Internal pressure was set as 1/10 atmospheric pressure, 
and the susceptor 4 made from graphite was rotated by 800 revolutions per minute. The temperature up of the susceptor 4 
made from graphite was carried out to 1200 degrees C in hydrogen gas, and cleaning of silicon-substrate 11 front face was 
p rformed. After lowering substrate temperature to 600 degrees C, the hydrazine was Introduced as a V group raw material 
on the 11th page of a silicon substrate from the gas introduction pipe 2 made from a quartz, and trimethylgallium was 
introduced as 3 group raw materials after 1 minute. Introduction of trimethylgallium was stopped after depositing the non- 
singl crystal GaN layer 12 of 20nm of thickness. This was used as a buffer coat. 

[0046] Subsequently, the temperature up of the substrate temperature was carried out to 1000 degrees C, in addition to 
th hydrazine, ammonia was introduced as a V group raw material, and trimethylgallium was introduced as 3 group raw 
mat rials after 1 minute. Introduction of trimethylgallium was stopped after growing up the GaN layer 13 of 3 micromet rs 
of thickness. When 3 micrometers grew. GaN layer 13 front face became flat, and propagation of the defect generated from 
the substrate interface was reduced remarkably. Subsequently, substrate temperature was lowered at 800 degrees 0, 
trimethylgallium. a trimethylaluminum, and trimethylindium were introduced simultaneously, and aluminumO.45GaO.5InO.05N 
layer 15 of 1.0 micrometers of thickness which carried out grid adjustment was grown up to be the GaN layer 13. After 
stopping introduction of trimethylgallium, a trimethylaluminum, and trimethylindium, substrate temperature was lowered to 
600 degrees G. Subsequently, es shown in the supply procedure of the material gas of drawing 6 (a), after it introduced 
trimethylindium and 1 nm grew InN22. trimethylindium was stopped, trimethylgallium and the trimethylaluminum were 
introduc d and Inm AIGaN23 was grown up. Thus, it supplied alternately 30 times. 

[0047] The false AIGaInN layer 24 by this was formed. After stopping introduction of trimethylgallium and a 
trim thylaluminum. the temperature up of the substrate temperature was carried out to 800 degrees C, trimethylgallium, a 
trim thylaluminum. and trimethylindium were introduced simultaneously, and alumlnumO.45GaO.5InO.05N layer 17 of 1.0 
micrometers of thickness which carried out grid adjustment was again grown up to be the GaN layer 13. After stopping 
introduction of trimethylgallium, a trimethylaluminum. and trimethylindium, introduction of a hydrazine and ammonia was 
stopped in the place which lowered substrate temperature and became the temperature of 300 degrees C or less. After 
dropping the temperature of a substrate to a room temperature, the substrate was taken out from the inside of the coil 1 
made from a quartz. 

[0048] The front face of the obtained AIGainN multilayer is a mirror plane, and checked strong luminescence from the false 
AIGainN layer 24 which consists of a distorted superlattice of 22 layer of InN(&), and 23 layer of AIGaN(s) as a result of 
photoluminescence measurement. Long luminescence with a wavelength of 500nm or more which could not be made by this 
invention until now compared with the formation method shown in a conventional method and a conventional example 2 was 
abi to be obtained. 

[0049] In addition, the same result was obtained also in the formation method shown in the material gas supply procedure of 
drawing 5 (b). 

[0050] (Example 5) Cross-section structural drawing of the AIGainN thin film produced by the formation method of the 
AIGainN thin film of the fifth example of this invention to drawing 7 is shown. About the formation method of an AIGainN 
thin film using the MOVPE equipment of drawing 1 . order is explained later on. 

[0051] (111) After carrying out organic washing of the field silicon substrate 11, it has arranged as a crystal-growth 
substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After introducing hydrogen 
gas in the coll 1 made from a quartz, coil 1 made from a quartz internal pressure was set as 1/10 atmospheric pressure, 
and the susceptor 4 made from graphite was rotated by 800 revolutions per minute. The temperature up of the susceptor 4 
mad from graphite was carried out to 1200 degrees C in hydrogen gas, and cleaning of silicon-substrat 1 1 front face was 
performed. Methane was introduced and the carbonization lay r 25 was formed in the substrate front face. After lowering 
substrate temp ratur to 600 d gr es C, the hydrazine was introduced as a V group raw material on th 11th page of a 
silicon substrate from the gas introduction pipe 2 made from a quartz, and trimethylgallium was introduced as 3 group raw 
materials aft r 1 minute. Introduction of trimethylgallium was stopped aft r depositing the non-single crystal GaN layer 12 
of 20nm of thickn ss. This was used as a buffer coat Subsequerrtly. the temp ratur up of the substrate t mperature was 
carried out to 1000 degrees C. in addition to the hydrazine, ammonia was introduced as a V group raw material, and 
trimethylgallium was introduced as 3 group raw materials after 1 minute. 
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[0052] Introduction of trimethylgallium was stopped after growing up th GaN layer 13 of 3 micrometBrs of thickness. When 
3 micrometers gr w, GaN layer 13 front face b came flat, and propagation of the d f ct generat d from the substrate 
interface was r duced remarkably! Subsequ ntly, substrate t mperature was lowered at 800 degrees C. trimethylgallium. a 
trimethylaluminum, and trim thylindium w re introduc d simultaneously, and alumihumO.45GaO.5InO.05N layer 14 of 0.5 
micrometers of thickness was grown up. Aft r stopping introduction of trimethylgallium. a trimethylaluminum, and 
trimethylindium. introduction of a hydrazin and ammonia was stopped in the place which lowered substrate temperature 
and becam the temperature of 300 d grees C or I ss. Aft r dropping the temperature of a substrate to a room 
temperature, the substrate was tak n out from the inside of th coil 1 made from a quartz. 

[0053] According to this invention, according to [ in the obtained crystal front face ] th hall ff ct at the mirror plane, 
carrier cone ntration is three or less [ 1015cm - ], and th GaN layer growth temperature gr w up to be at 1000 degrees C 
though it was 800 degrees 0 and low temperature, and 4 yuan mixed crystal still more nearly quality than the case of an 
example 1 were obtained. Moreover, by carbonizing silicon-substrate 1 1 front face, generating of the defect from a 
substrate interface was suppressed remarkably, and the defect of about 2 more figures was reduced compared with the 
case of an example 1. 

[0054] When silicon on sapphire was used for this formation method, completely, the effect was not accepted but, in the 
case of the silicon substrate, was very effective. 

[0055] (Example 6) Cross-section structural drawing of the AIGaInN thin film produced by the formation method of the 
AIGaInN thin film of the sixth example of this invention to drawing 8 is shown. About the formation method of an AIGaInN 
thin film using the MOVPE equipment of drawing 1 , order is explained later on. 

[0056] (111) After carrying out organic washing of the field silicon substrate 11 , it has arranged as a crystal-growth 
substrate on the tray 6 made from a quartz, and introduced in the coil 1 made from a quartz. After introducing hydrogen 
gas in the coil 1 made from a quartz, coil 1 made from a quartz internal pressure was set as 1/10 atmospheric pressure, 
and the susceptor 4 made from graphite was rotated by 800 revolutions per minute. The temperature up of the susceptor 4 
made from graphite was carried out to 1200 degrees C in hydrogen gas, and cleaning of silicon-substrate 11 front face was 
performed. Methane was introduced and the carbonization layer 25 was formed in the substrate front face. Then, 
introduction of methane was stopped, the hydrazine was introduced and the nitrated case 26 was formed on the 
carbonization layer 25. After lowering substrate temperature to 600 degrees C, the hydrazine was introduced as a V group 
raw material on the 1 1th page of a silicon substrate from the gas introduction pipe 2 made from a quartz, and 
trimethylgallium was introduced as 3 group raw materials after 1 minute. Introduction of trimethylgallium was stopped after 
depositing the non-single crysta l GaN layer 12^ f_20nm of thickness. This was used as a buffer coat. 
[0057] Subsequently, the temperature up of the substrate temperature was carried out to 1000 degrees C. in addition to 
the hydrazine, ammonia was introduced as a V group raw material, and trimethylgallium was introduced as 3 group raw 
materials after 1 minute. Irrtroduction of trimethylgallium was stopped after growing up the GaN layer 13 of 3 mlcromet rs 
of thickness. When 3 micrometers grew, GaN layer 13 front face became flat, and propagation of the defect generated from 
the substrate interface was reduced remarkably. Subsequently, substrate temperature was lowered at 800 degrees C, 
trimethylgallium, a trimethylaluminum. and trimethylindium were introduced simultaneously, and aluminum0.45Ga0.5In0.05N 
layer 14 of 0.5 micrometers of thickness was grown up. After stopping introduction of trimethylgallium, a trimethylaluminum, 
and trimethylindium, introduction of a hydrazine and ammonia was stopped in the place which lowered substrate 
temperature and became the temperature of 300 degrees 0 or less. After dropping the temperature of a substrate to a 
room temperature, the substrate was taken out from the inside of the coil 1 made from a quartz. 

[0058] According to [ in the crystal front face where it was obtained in the case of this example ] the hall effect at the 
mirror plane, carrier concentration is three or less [ 1015cm - ], and the GaN layer growth temperature grew up to be at 
1000 d grees 0 though it was 800 degrees C and low temperature, and 4 yuan mixed crystal still more nearly quality than 
the case of an example 1 were obtained. Moreover, generating of the defect from a substrate interface was remarkably 
suppressed by carbonizing silicon-substrate 1 1 front face. Moreover, since GaN carried out the nuclear growth easily and 
precisely by nitriding a front face, even if compared with the case of an example 6, the defect was reduced further. 
[0059] When silicon on sapphire was used for this formation method, completely, the effect was not accepted but, in the 
case of the silicon substrate, was very effective. 

[0060] (Example 7) Gross-section structural drawing of the AIGaInN thin film produced by the formation method of the 
AIGaInN thin film of the seventh example of this invention to drawing 9 is shown. About the formation method of an AIGaInN 
thin film using the MOVPE equipment of drawing 1 , order is ejq^lained later on. 

[0061] (1 1 1) After carrying out organic washing of the field GaP substrate 27, it has arranged as a crystal-growth substrate 
on the tray 6 made from a quartz, and irrtroduced in the coil 1 made from a quartz. After introducing hydrogen gas in the 
coil 1 made from a quartz, coil 1 made from a quartz internal pressure was set as 1/10 atmospheric pressure, and the 
susceptor 4 made from graphite was rotated by 800 revolutions per minute. The temperature up of the susceptor 4 made 
from graphite was carried out to 800 degrees G in phosphine atmosphere, and cleaning of GaP substrate 27 front face was 
performed. Introduction of a phosphine was stopped, the hydrazine was introduced and the nitrated case 28 was formed in 
the substrate front face. Affer lowering substrate temperature to 600 degrees C, trimethylgallium was introduced as 3 
group raw materials on the 27th page of a GaP substrate from the gas introduction pipe 2 made from a quartz. Introduction 
of trimethylgallium was stopped after depositing the non-single crystal GaN layer 1 2 of 20nm of thickness. This was used as 
a buff r coat. Subsequently, the temperature up of the substrate temperature was carried out to 1000 degrees C, in 
addition to the hydrazine, ammonia was introduced as a V group raw material, and trim thylgallium was introduced as 3 
group raw mat rials after 1 minute. 

[0062] Introduction of trimethylgallium was stopped aft r growing up the GaN layer 13 of 3 micrometers of thickness. When 
3 micrometers grew, GaN layer 13 front face became flat, and propagation of the defect generated from the substrate 
interface was reduced remarkably. Subsequently, substrate t mperature was lowered at 800 d grees C, trimethyigaliium, a 
trimethylaluminum, and trimethylindium were introduced simultaneously, and aluminum0.45Ga0.5In0.05N layer 14 of 0.5 
micrometers of thickness was grown up. After stopping introduction of trimethylgallium, a trimethylaluminum. and 
trimethylindium. introduction of a hydrazine and ammonia was stopped in the place which lowered substrate temperature 
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and became the t mperature of 300 d grees C or I ss. After dropping th temperatur of a substrate to a room 
temp rature, the substrate was taken out from the insid of th coil 1 made from a quartz. 

[0063] According to this invention, according to [ in th obtained crystal front face ] 'th hall eff ct at the mirror plane, 
although carrier cone ntration is thr e or I ss [ 1015cm - ] and used GaP for th substrate, the mixed crystal of 4 quality 
yuan of the same grade as AIGainN form d on sapphire was obtained, mor over, by nitriding GaP substrate 27 front face, 
generating of the d f ct from a substrate interface was suppressed r markably. and silicon on sapphire and the until [ of 
the sam grade ] d f ct w re reduc d 

[0064] In th case of the GaP substrate, this formation m thod was v ry ff ctive. In addition, this invention is not limited 
to the xample m ntioned above. For example, the substrate to be us d is not limit d to an above-mentioned substrate. 
Moreover, the raw material used for the crystal growth is not an above-m ntioned limitation, either. Th composition of an 
AIGainN multilayer is not limited, either. 
[0065] 

[Effect of the Invention] Thus, according to this invention, since a substrate is rotated at high speed, using the mixed raw 
mat rial of an alkylamine system, a hydrazine system or an alkylamine system, a hydrazine system, and ammonia as a 
nitrog n raw material, the AIGainN thin film containing In with few point defects, such as a nitrogen hole, can be easily 
form d at low temperature. 

[0066] Moreover, since the super-thin film multilayer which formed InN and AIGaN by turns constitutes an AIGainN thin 
film, a more nearly quality AIGainN thin film can be formed. 

[0067] Moreover, since an AIGainN distorted superstructure is formed in advance of AIGainN thin film formation, 
propagation of dislocation is reduced remarkably and a quality AIGainN thin film can be formed. 

[0068] Moreover, since composition forms the carbonization layer and nitrated case which change continuously in advance 
of non-single crystal layers, such as GaN. propagation of dislocation is reduced remarkably and quality AIGainN can be 
formed also on substrates other than sapphire. 

[0069] Therefore, it is very useful to the blue semiconductor laser element manufacture which can be used for high blue 
light mitting diode, the light source for information processors, etc. of luminous efficiency. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

I.This docum nt has be n translated by compiiter. So the translation may not reflect the original precis ly. 
1.*:*** shows the word which can not be translated. 
3.1n the drawings, any words are not translat d. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram of the MOVPE equipment explaining the formation method of the example this invention 

[Drawing 2] Cross-section structural drawing of the AIGaInN thin film .by the formation method of the AIGaInN thin film of 
the first xample this invention 

[Drawing. 3] Cross-section structural drawing of the AIGaInN multilayer by the formation method of the AIGaInN multilay r 
of the second example this invention 

[Drawing 4] Cross-section structural drawing of the AIGaInN thin film by the formation method of the AIGaInN thin film of 
the third example this invention 

[Drawmfi.j5l Cross-section structural drawing of the AIGaInN thin film by the formation method of the AIGaInN multilay r of 
the fourth example this invention 

[Drawin g 6] The supply procedure view of the material gas of the fourth example of this inver\tion 

[Drawing 73 Cross-section structural drawing of the AIGaInN thin film by the formation method of the AIGaInN thin film of 
the fifth example this invention 

[Drawing 8] Cross-section structural drawing of the AIGaInN thin film by the formation method of the AIGaInN thin film of 
the sixth xample this invention 

[Drawing 9] Cross-section structural drawing of the AIGaInN thin film by the formation method of the AtGaInN thin film of 
the seventh example this invention 
[Description of Notations] 

1 Coil made from Quartz 

2 Gas Introduction Pipe made from Quartz 

3 Coil for High-frequency Heating 

4 Susceptor made from Graphite 

5 Susceptor Bearing Bar 

6 Tray made from Quartz 

7 Substrate 

8 Exhaust Port 

11 Silicon Substrate 

12 Non-Single Crystal GaN Layer 

13 21 GaN layer 

14. 15. 17 aluminumO.45GaO.5InO.05N layer 

16 19 Ga0.8In0.2N layer 

18 Aluminum0.3Ga0.7N Layer 

20 AluminumO.3Ga0.7 N/Ga0.8In0.2N Distorted Superlattice 

22 InN Layer 

23 AIGaN Layer 

24 False AIGaInN Layer 

25 Carbonization Layer 

26 28 Nitrated case 

27 GaP Substrate 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has be n translated by computer. So the translation may not reflect the original precis ly. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words ar not translat d. 



DRAWINGS 



[Drawing 2] 
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A 1 G a In N^^(^?^fi£:^^c 

A 1 ,iG a I n,iN^/A 1 ^zG a I rixaN^/A 1 
xsGa^aln.sN^ (Eg2<Egi. E g a : E g (i^-^ 
:xK=^-^i'^) 75^^''£5AlGa 1 n}^0}^m^M0.'r 

lit±T'fcoT. 9 0 0'CW±roS;KS.ST?G a NM^ff? 
^U. fllSG a NS_t(^ 3 0 0— 9 0 O'Cff^fSHP^i-^ 
^Ufcg^SS.aT't{ll5G a N^f^^&^S-^-r-SA 1 «iG 
a ^1 I n.iN^i 2%eATWte^^^m'&i-^A 1 ^aC a 
v=I n^sN^ir^lEG a Njgir^&^^S-^-TS A 1 .3G a 

^3 1 n.3N^^?i$;^-r^;^i*-e&or. mtiA l G a I 

t^mni^^tp^^^^tj^mn^^^i^xmimm^in-i^x 

G a N®Sr?f^^b. flllSG a NM±i^A 1 G a I n 

m=km^-r^:fjmKm^x. mte.mm^^mi'-f^^m^ 

(OmUm^^^ 3 0 0 [Ei^/:5^1^±T?fooT, SffiEG a N 
Ji4^'bU< (±G a N^-ht^lA I G a I nN^A^^T'^S^ 
jmi&^1f5tilriag-r5wtSri|#ig[i!i-6A l Ga I nN 

[If^tg4] AlGa I nNJifiS^^^^TC^^^tfil 
^(?:)#ti^Srr«^X6^('m\ I nNgt A I G a N®$:« 

j*Jtu^^2fS®coA 1 Ga I n N#^M(???^^S;::^i£„ 

Al Ga I nN»^^?i^^•r5:^^£(w^5V^T. tK^:*'^ 

-r^ A 1 G a I n N^^O?^^:^}fe. 



(2) ' ' #PB^S-5 6 0 1 5 

2 

t^^Mi^^n^m^^tsmn^w^L-xmmm^'fYL'X 

A 1 G a I nN^0^Jg^^S;^Ji&^:l:KV^T. ^^^^ 

r<Dm^^m^^^t^nm^'px'mt?.m-immmjz\^m^ 

A I G a I n N^0<7>?l0^:fe-jfe„ 

AlGa I nN^)^^?^^i-5:^fe(^*5t^T. T/^^^l- 
rZ>'^. t K^i>i/^'b b< HTyl'=aE-yUT^ t 

ISS®SE-h{'?J^^ bfc S-ftB t i5*;i/^T' 3 mm0.7tM^ 
'^UJ^ntrj\^=ir/i'T^'^M. t K7i^>'^'J>b< tir 
yu=Sryur^vm. t K^v=:/^^:r>^-T<^^g■^il^s|■ 
^^tp#H^'^'T•t^IS2^^b^^ffi±t::?^^^b/''G a N^^ 
¥^^B^Sri^«®<!:-rsri:&#^i:i-5A 1 Ga In 

20 [gfJltiSs] S^&SHgbfc;!)P^flS(75[El^ii^$r3 0 0 

V^-fn/^)^('fa^»A 1 Ga I n NSI^COS^it;Jjjfeo 

[if5t?^9] ^^K^o^ifyr-rr. s i c. ZnO. s 

i, GaAs. GaP, I n P T'fo 5 ^ ^l^® "T S 
sf^f^fM^l. 3. 4, ' 5, 6. 7(OV^-fn/5^[::lEic<^A 

1 G a I nN^^COJf^fig;^^^, 

l§t*^l 0] £;te/i5-y-^T^T. S i C. ZnO. S 
i. GaAs, GaP, I n P T'fo S ^ <!: i: "T^ 

m^^Zf^MfDA 1 G a I n N0S^ff??l^^:^^fec 

30 mm<^mm^£m.m] 

[000 1] 

'M:fjmi^mi-^h<ox\ mtm^m<Dmmm^:^m^ 

[0 0 0 2] 

[1i&5fc(^K^i^l 1 9 8 S^ir 6 7 0 nm^A I G a I n 

p?^^-^^mi^i^—r^^m^a^t$thxw^^. u-iFT-y 
^^mwi^—^(Dm^^'^^mcn^ivx\^^^<, m^<o'=p 

'l>(i^^fl6 7 0 — 6 9 O nmTfoofc^>. n— K U 

;K7)6 3 O nro^--i:^t7bOOfo6c ^ ^ i^l'-i^SlS. SS 

m^m^-^tL-^tz^^i^^—ifMm^mm^nx-isio. 
p ^^smMSlJ^»/f 5^*1 i: o fc c t ^i^i^tc 2 - e 



(3) 
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[0 0 0 3] Ga N^^c7)f'^^::^iSt L-Tfi, cc-A\ 

rv^s. mii. Mxrf h y y tr^'*:^, 

•t^iy<oXh^o MiBi-^^r'^TtD {O 0 0 1) C®.=£r 
fflV>. Ga N^A 1 N#N¥Sg^^^^L.Tlt|fe&«)^g<?:> 

Ga■N#0^?i^^-C•^S:li:^'^I^E^^^^::. L-^^b, i^ 

20 

[0004] AK In ^^ti-A 1 G a I n NKtu?!^ 

:S:t;*A 1 N, G a N(??j3jcft?aS*-lt^l'T I nN<?5 

[0 0 0 5] T:^^^r(^:9-)^tw(ii^ffi.^^-rSfci^). 
±j^(D ^ ^ iz^i^is.m^ 9 0 0 — 1 10 o*t;i^i-^j£i^M 

V>j7t^5 3/5it^ 10 0 Of)^h 5 0 0 0 tft&tO**^^ 

m^xitm<7:>T>'=B=^rA^'Z-mx:^y) . mmm^^ 
^mm^m^x^'ti, 
[00 0 6] -^tz. T:^^=^T^m^^x 100 or^s 
r-Ai Ga I nNff>m.n^n^tzm^. T>^^=^rn^ 40 

[0 0 0 7] 

■e^^£?5^ofco bfcTiio-r. MOV P E^:S:^tw. 50 



ii. ^uxumm:^mntz.^^^^^-m^'^m^^i^x. 
■pm&mm^u^^'&i^^um<D'^^^£A\ Ga i un 

Sr^tfA 1 G a I n Nmm<Dm^:^^^^^-t^ 

[0 0 0 8] -^tcm^^mi^^M. mtmt^yr^ 
[00091 J: ^uxnwmm.x^ , 

[0 0 10] $ lJ-7r'i'T^s£ 

[0011] 

t^. lt>J^m 1 IB^'?? A 1 G a I n N^^CO?]^^:^iS I* , 
gmSr^tfJ^ilSF^^Si&U-C^W^^^M^TA 1 Ga I n 

m^(OmUi&&f>^ 3 0 0 !E]i^/^KA±T'foo-C. 9 0 0 
■CUi±(7)S^K)aaT'G a Ng^fl^fiKb, ifli2GaNM-h 

tea 0 o~9 0 o'C(of5isi^tcis^bfcS:lgiaST"A 1 

Ga I n'^m^'B^-t^iSWiXh'oX. mllEA I G a I 
[0012] if 2fE®©A 1 G a I n N^a^W-f^ 

m\^^x:^'M.m^'^tjw-^^^'^'^xwmm^iT\^xA 

1 ^iG ayi I iiiiNg/A 1 »zG a I n=2N^/A I ^3 
G a ^3 I n,.3NJi (Eg2<Egi. Eg3:E g t±^^^^ 
K^-t.;/y) /j^e>>Ce-5A 1 Ga I nN0-^^^?1^^-rs 
:^rjfe(^jb^v^-C. BfllSS^Sr5eEbfcAam^(?3lE!^iig755 
3 0 0 @^/^:^J:T"foo-C. 9 O O^t^ifOS^^S^ 
T-G a Ng$:?i^^b. tfttec a N^_blw 3 0 0 - 9 O 0 
^COl&fflrttC^^bfcS^^aST-HtlEG a NMtC:^&^S 
■^-r^)A I .iG a^x I n.iNMt 2 %^Tt^*&^^ffi-g- 
i~^A 1 .2G a vz I n=sN^^glKG a N^tr^S^^^-g- 
TSA 1 ^sG a yal n.3NJiS:?i^fi&-r^:^^'efo'^X. 
fllEA 1 Ga I nN#SKc^?i^fiKfiT/l'^/l^r5 ^'^^^ 
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[0013] m^^4.td^<OA 1 G a I nNMB&U^ 

mm'D^m:^mit. m^^m i , 3 fe.m<^A 1 g a i n 

Nmm<7m^:f7mRV^m2tdi^<DA l Ga I nN^^^ 

c^l?^:fe^^£^-^5v^T, a 1 g a i nN^its^^^^KTc^ 

^'^ts^mn<om'^^mXm^'<7^\ InNM^:AlGa 
[0014] 3 lES^ro A I G a r n N^flfiOff^^ 

X x/^m^'^t^mn sr^^s i^xmmm ^^m^t g a 

N^&?i^^L,. flflffiG a Ng_hlC:A 1 G a I n N^Hi^ 
'bb<{iGaN^JitrA 1 Ga I nNm^^h^£i}^i^^ 

^sag-r 5 r ^ i: -r ^ o 

[0 0 15] if*iS5|E^(?3A 1 G a I n N^^iT^?!^^ 
[0016] sf*^6|S^C>A 1 G a I n N^0(D?1^^ 

ni^xx:^mm^-^tjfm.n^m^vxmmm^^t.xA i 

Ga I nNmm^j^s^-r^yjm^:3s\'^x. mm^-st^m 

[0017] |g5t^JS 7 f2^(7:>A 1 G a I n N^^<73?^^ 

n^xn^m^^t?jmn^m^\^xmmm^i\-vx A \ 

Ga I nN#^^?^^-rS:^&(w*3l^T. T/U=^/L'r S 

^i^T?^^, fc: K^i^:^^i:ri^^:^T£D?m^m^^^ 

tp#is^tt^X'tfii2^<t:^^ffi-b(-J^^ufcG a mmu 

[0 0 18] i^±<?:)if^^{^*5V^T. mm^mmi^tLM 

-^fc. £^S(^^^:7r'1'r. S i C. Z nO. s 
i, GaAs. GaP. I n P T'*>-5 ^ A^M^ L-V\ 
[00191 50 



[^^ffl] A I Ga I nN^fl^(^ii^H^BP£*t^*3{t5f.aS^ 
Oti, A 1 N, G a NcD^:S?aSt^l.t^bT I nN 

i:)-^,, T>'^=r^fflV^T. A 1 G a N^0<O^S^aS 
r-Al Ga I nNmm(0^^^n-:itz.m^. r^y'^^T 

V\ I nN(^^l^t3 j:oT 1 n (7?^ i9 i^-^ft^i^^U < 
[0 0 2 0] if 3^?^ 1 C75A 1 G a I n Nf^^cD^'^®!:^ 

Sf*ri2(?5A 1 Ga I nN#^^<?5-mJgi::^St::J:ti 

oT^i^^ j; 13 tiiSfi-eHSn^p^^'^A 1 G a I n N^tJ^ti L 
<f:±A 1 Ga I n N#g^<^)?i^fifeAS^^ t 

[00 2 1 ] st^^3«A 1 Ga \ 

^^^f^^ilits|■^fflv^-C■^g:^aT•M:^:t^ I n. N/N/G 
a. AU N/N(Di: 9 

^■r5^i:t::J:'9. ^^^a/i^d'^?'£< I n iA^n 
jdJ^^ir^'^Sfcfc, 'b{S:taT-Tan1j^''j:A I G a 

I nN^^t U< t^A 1 Ga I n N^^^t?j?]^fife;6S sj^ 

[O O 2 2 ] A 1 G a I n N^J^^^^^^grtriJii it -5 53 

(i, i^-VT-^rS^S-bl-A 1 N-^G a NtO^N^SSfp^^ 

^„ b;0-t. A I N^Ga N^^#S£^®i:(?)Mt-tt. -fife 

\.X±%fSi^=^^'^^'^^M^t^^'^^X^^^^fz. 

[0 0 2 3 1 ni^^A:<n>K 1 G a I n N?»^£0#M:^te 

i^^nri. A 1 Ga I nN^a^fl^^-rstfK-^^^-^w 

-r-SA 1 G a I nN®^^Srifiei-^.roT', 

fc, Ji§[I^'-t?)e«gS:^^&di::»jT?#^iiiPp^'SA 1 G 

a I nN^^^Jf^Sg-e#5o 

[0 0 24] lt3i?rS 5 , 6 (DA 1 G a I n Nmi!^(Oi^M 
:^^|rj;ttti. M;t{i*->!; = VS^S-bl-A 1 Ga I nN 

d^fo6fci6. A 1 Ga I nN^M'^'?:>lE{iff^fefiB^:^(i 



7 

I 0 0 2 5 1 n-i^^ 7 <DA I G a I n NMB<Oip^^m 

[0 0 2 61 rcoj; 5 (:i-y-:7T-^T^{t ^HU^^ 
ild^SuT.^'^SA I Ga I nNWB<Dm^A^'^^X'h 

So 

[0 0 2 7] Ufc;OSoT. 7^5gP^li^^^^(^i^V>Wfe 
K-^it#i!&S^ffiffl ^M'^C <!f t'ffl V > 5 r i 

[0 0 2 8 ] 

Tin— g^^^)■cov^T^tp]— ^g=-^S:lB-t-o 

[00291 AlGa In N^^i^Mitl^tts El 1 « 

iii&Ki[r^-rMovpE^s?.'fflv^fc„ '-r\ ^^MK 

ac-^ 1 c?)[^S^(::(M^SS;i/^*AW2^i^!)fJ(-/^n-C 

@J-t)-lry^"4(i^— ^ — (c:ioT 1 0 0 0[Hlfe/^>^ 
a [HllH^^^e f-i? r -^1^^ 5 t:i J: !? $ nx V ^ 

- 6 ±tr^® ^nfcS^ 7 ;«i|9:eT-t S J: 9 Jte«^<i: 

[0 0 3 01 immm d m2 iz:^^m(om-<7:>mMm 
(T^A 1 Ga I ni<!mm^M}^:fjmi^x^i'fmvf^A I G 
a I nNnm(ommmmm^^T. isiic^^movpe^ 
g^fflv^fcAl Ga I nNmBom^i^mc-^^^x. m 

[0031] ciii)s->y = ^^sts 1 1 

s^tiSfS^'ffiF^i^^Abfc^ :&^Si^j^;;l=i f^td 

O^Etwia^L, ^77r-r K®if-fc7°^-4 ^8 0 O 

-fe7":?-4^ 1 2 0 0'C*T#?&b. Vy^vS^ll 
^ffioftst-ft^tto/-. S«E^6 0 0t:^T'^?gb 
fc^^ :H5IM;y^?itAB^2?5^t.->!) =VS^1 1 
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vmjwMtvxi: i^mzsmwM 

T% 2£*K?ag$:l O 0 O'Ctr^?^^. Vi^Jl!i£fi:bTt 
K^-::^^}';*]DsiTT>^-T^^Ab, i^^mizsmj^^ 

GaN^l 3$:^fib/c^. h y y I> -i^tO^A 

^' >-:;='?ASr[^^t:^WAb. ^I?0. 5y:zmC0Alo.« 
Gao.Bl no.osN^l 4^fig:RL^-„ h y y^/i-;^fy 

A. h y y ^/i'Tyv5 = !:> h y > "^/^^ i^-J^J^ 
cOigAS:#Jhb7tm. gtg^g=^P$ii.b3 O O-C^^JlTt?? 
r /j; o r ^ T' t K -7 v= > t r = r (oM7^ 

mi-m 1 1^ J; t3 ^^^^ 0 fcti bfco 
20 [00 3 2] ^yyr^VMi-^-^'f^ — A^\Q^m./ 

I nMfiSc^io. 0 2-efoo/cro(Cj^f-b. *:|lljS^Jco 
^^^;ir^#AW2'-(7)Rj^;±^^ff3#^ti'> 

. m^x-^^-!i^^mzx.^t^\ y r^tsiii o^^ 

/c. Inm^liO. OSir/^*?. 8 0 0 
lHl^trj:9 I nro^i3 3i^;h-^^5ii:fe-raci:^«i^b 
fco 8 0 O'CJrffiS.T'foDJ'iA^^. 1 0 O otrr-frgSb 
30 fco a N^J; "9iS^S,l^^iEg7c^ga/i^#bt^fc, ::n.^<^ 
^mtt, t K^i^virT^'^-TSrlgJ^i'^Abfcr 

[0 0 3 3] (IIJS^)2) I2l3t::;*:^ego^zle^^ja0ij 
i^A 1 Ga I nN0^^tO?i^^:^)fe{wJ:t){^MbfcA 1 
Ga I nN^g^OM^5g^"C-fe?.. |g]lC)MOVP 
E^gSrfflV^fcA 1 Ga I nN#E-MJ^c^ff^fiSc;:^^(wOV^ 

40 [0034] (llDEv-y^i 1 1 &Wmi5fei*^ 

b/^m. ;&?SMhu-5>-t-*S#^ftS^tbTiaB 
b. ^5^MS)iiis't irtl^^Ab/Cc ^^S^^f£^=tif^t:: 

O^ffitwiS^b, ^^^7t^ hmi1'"fe^^-4&8 O 0 

-fe::^^— 4 & 1 2 0 o'c^T'#?ab. -^y^v^teii 

Sffi'^ftif^'ft&^f ofco S:^iag^6 0 0*C^TMb 
/-t^, ;&3?M;i^-^^A§275^^->y n^^^l iM±tc 

Vf^i^iieft bXt Kv-x^^&^Ab, l^>m(c3^i^!pf 

50 t bT h y /•'fivij^) ^ K^m-Kx^-r^. 



(6) 



[003 5] 0 nraO^^I^H^BG a N@ 1 2>*S 

[0 0 3 6] 3 iim^M-^^t. GaN^13SS(t¥ 

^>'i/f^i^^|^B#tc^AL, G a 1 3 [d^&^^^-^b 
fcJ^J?l . 0 ju in (75 A 1 o.4sG a o. 6 I no.osN^ 1 5 

•^A^ h y ^^^u-f >'-:^r>A(^^A^#ihbfc^. S^s 
MS4r7 0 o-cs-ei^^ab. h y p« u A i N y 

^^/u-fi^-^t^A^ltl^tr^Ab. fe^^^SrtiOM^ 

0 . 0 1m m<r>G a o.bI no. zN^ 1 6 Srfifeft L-fCo iSfe 

v^T', f y ^^/I'^tf y '^'At h y y^/i^-^* ^v^i^aid^ 
A*f^ihLfc#. s^fas^s 0 o'c^-c#*au. hy 20 

^^yi'jtf y l^A, h y 7«^/i'T/i'^ ^l>Ai; h y ^^^yi^ 
-l'i^-:^'?ASrlWi^E::^AL. G a l 3 ('l&^S-^ b 
fcMI? 1 . O umO^A I o. 46G a o.s I no. osNJS 1 7 
^^g^^^bfco h y 7^^v^:^f y t>A. hy;K^/ur/i^ 

[00 3 7] #btt/cA I G a I n N^JgHStT^SStt^ 30 

1 no.aNMl 6;0^5><^3^V^^^rS:5t^bfco 

!t^^^mH'fm\^. #^nfc*gfBSffi{ldiIiaTG a I n 

\zj:y} 1 n<D^y}Ti.^tim(Dm:k^Vk^i^tc^ s o CC 

ti&UX'h^ ^J:t>^^. 1 0 0 0'CT-^«bfcG a N J: 13 40 
t: K7i^>'i:T^^^TS:[^^i^#Abfcr i:t::J; 

[00 3 9] ^fc. *fe^=^^Se3^3-5G a I nN&^Ab 

xh^^m-^i^^Btm^m<D'^^^^mnv^j:t)^h. 0 

[0 0 4 0] {^»|3) E14 Er^?gB^<om3(7:>^»!j 
(7)A 1 G a I nN#^COff^fiSi;^fetwj: !9f^^bfcA 1 G 50 
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a 1 n N5?0«»fffi#¥itE]^^i-o El 1 c?)MO V P 
S^fflV^fcA 1 Ga I nN^^ff)®iiit:^iSt;ioV^T, IS 

^i^'Dxm.m-t^. 

[004 1] ( 1 1 1 ) y =1 >'S:|£ 1 1 ^^mm^ 

b. mt'^Abfco ^^^^jt^wiF^t^ 

7K^;if^^^Abfct^. ^H^^Sfc^l'll^ffi;^^!/! 
o^ffif^^^b. ^'7-7r^ h^Si^■fe7"^-4^8 0 0 

-fe:/^-4 ^ 1 2 0 o'C^-r#?&b. -yyrivssii 
«M^^?fl^^-^t:&^fo/::c S^S-^^e oo'C^T-^iab 
fc^. :&^^;^f7;^AW2*^e^i/y=>S;1gl lE-ht' 
Vl^J^ilsFt bTi: K7-:^>'^^Ab. l5>^t^3^J^n 
i bT h y y ^^l':;^/ y -^A^^Ab/Co )^ff2 0nmC7^ 
^^^^feGaN^l 2$r±6«bfc^. V 
Aco^A^^^lhbfco mSrStW^i: bTfflv^fc, 
[004 2] 2>:V^T\ ^m^^-k 1 0 0 0'Ctc#iab. 

v:^j^its}-i: br t K^i^>tc;^)n^TTv^=^r^^A 

b. l^^^tr 3i^J^^i: bT h y ^'^yt'^t^y ^7A^^A 
bfc. ^J¥3 wmOG a NJ§ 1 3 Sr^:^bfc^. by;' 
5^/L';t^y "^AtTijgA^^Ihbfco 3 //. m^flri"^! t . G 
aNSl 3^iij(iTO^/i . ^tg|^®;6-t>^^.bfci^ 

PiS(^i5fflgti^b<{£i^^nfco ^stev^T-. s^^ias^so 
o*ct;i^iab, h y ^-s^^L-^y 'i'At by ^^/I'T/u? 

^^'^A^SrfejBtl^^^Ab. ^J5 2 nmiT) A 1 o. aG a o. 7N 
^18 Sr^S bfco hyp* y ^J' A i h y ^ 

^->A(75^A^1?^iiibfcm. b y ^f^yU':^ y ^At 

b y ;^^/'^'1'Vi^'?A^|^^t^#Ab, ^W:2nm(75G 
ao.sl no.sN^l 9^j7feSbf^„ ^$^bT4 0j^^(7> 
A 1 o. 3G a o- 7N/G a o. 8 I no. aN^^^^ 2 0 S:^ 
;g;bfcm, h y y y ^^AS:^Ab)^Ji:2 Mm 

-??GaNM2 1 ^^^b-C h y p'^yU'^i/y '^'ACO^A^ 
ffihbfco b y ^■9^yL';t^y -^A. b y?'^/i-T 

yk5::^r>A<b by7'^-'L-i'>-^!>ASrlp)^t::^Ab. 0 
i¥0 . 5 M mtOA 1 o. 4sG a o. s I n©. oeNM 1 4 Sr^iS; 

ftbfco b y 7t5^y^;if y -^A, b y ^yi'T/u 5 ^ A 
t b y >v>'>A(^^A^ifiiibfcm. s^ffl.^ 

Srl^ffi.b3 O O'CUiTOiS.lgtC^^ofci r^T't Kv-:^ 

[0 04 3] A I 0.3G a 0.7N/G a o.s I no. eN^jS 
2 0 &^A-r e ;i <t c: J; o TS^K^®^- bfc 

fi^ST"^— yi^^:^tw J; ^ i: ^ y r 1 0 c ra 
-^OTT-fo D , 0.^UmA> 8 0 0 "C iriS^aTfe 19 T'i^ai 
1 O 0 0*CT-^:gbfcG a N^. ^ hK}imMmi(0^ 

[0 0 4 4] m-mm4) m5\z:$:^m<Dmm<o; 



11 

(D A 1 G a In N^mB<om^:fjmz ^'OiPm^ l^t^A 1 

E^E&fflV^fcAl Ga I nN^^^OJl^^Z^ifelCOl^ 
[0045] (llDffiVU 1 Sr*ai?cjf^ 

7K^;t^;^Sr^AUfc^. ^H^^SJ^^f 1 I^JE;d^ 1 / 1 
oftffitcilS^b, ^yyr^ NMl^ir^^-4^8 0 0 

Sffi(^Wil>-(t^ffofco SIgMSSr 6 O CC^-e^^ai. 
fc^. Ti^Af 2 ;^)^ y = ^^S^S 1 1 ®±t- 

Vfi^Jf:*4i: UTt K^i^:/^^AU. 1 3 f^l^^sf 
t LT h y 7«^-/^;^f D r^A^ajAbfc^ 0 nmc^ 

^N¥i^^^GaN^i 2^±6^U/cm. MJ>f'/i-;tfy^ 

[0 0 4 6] iSfeV^T-. 100 O'Ctr^^SL. 

v^'^Mh UTt K^-:>>'t::^]D^TT>'^=T$:WA 

Vfz. ^iSS //mOGa 1 3S:^«bfcm. biJ^ 

l>^<7^*ASrff .Ihbf^. 3 n mm-S:-T ^ t . G 

^C'At MI ^^^i-^:^v=^>^&|pI^('#Ab. GaN 
^ 1 3 tr+S^^^-^ bfc^J? 1 . 0/ziii(7)Alo-^6Ga 

o.si no.o5N^i s^figSbfc. h y ^ ^/t-;tf y r!? 

5SA$rf¥ihbfcf^, S^?SSS:6 0 or-^T'^r^bfc^ 
l::. h y p'^-'W>'v=^'A^^AbI nN2 2^1 nm 

^ebfcm. hUp'^^^'i'^v'^'A^f^ihb, h))?^^ 

/U^^) ^M.tV^) /^/l^T/U^ = ^Ag:^Ab. 1 nin 
CDA 1 G a N 2 3 ^^:Sbfcc r (D^ 9 bX 3 0 [e15£ 
Slr-S^S&bfco 
[0 0 4 71 riXtw J; 13 ^ffii^JtCA 1 G a I n NM 2 4 

^?i^^bfc„ f y ^/w;yy f>A<t h y ^^/vT/L-s^ 
b. h y ^^/V';tfy h y 7'^/>T^L'a:-'?At h 

y T^^/WV^^-^ASrl^^tw^Ab, GaNMl3tC*& 

-T-S-o-bfcS^f? 1 . O mCO A 1 o.4eG a o. 6 I no. oe 

Ngi7^^«^fibfc, h y >^/i';tf y ^-A, hy> 

bfc^. Stg?a^&^?a.b3 0 OT;&!.Tt^f&Jg(^^i:ofc 
t c^T't K^-:^>'i:T:^^=Tco^A^i^ihb/Co S 

os^^sif^mbfcc 

[ 0 0 4 8 J tff^nfcA 1 G a I n N^^^O^ffili*^ 



(7) i|^M¥8 - 5 6 0 1 5 

12 

2Si: A 1 G a N2 3m<0^m^=ft^hfS:^^UtbfJ:A 

1 Ga I n]<im2 At^h(Dm^^mit'^WM\.fz.. -^^m 

[0 0 4 9] f£i6.^ HIS (b) cDl^n:^^m^¥Hlt^^ 

[00 5 0] mMm 5 ) la 7 {z.:^^m<D%ii.<DmMm 

COAl Ga I nN^^<?3m:*jSl^i^3f^fibfcAl G 
10 a I nN^^c;0^M^5t^^^t-, 1 iOMO V P ElS , 
e^fflv^fcA 1 Ga I nN^0ff3?^^!£:^fef:ioi^T. M 

[0 0 5 1] ( 1 1 1 ) y = 1 1 ^mm^i^ 

bfc^, ^^^M— 6_btr^#gfifeM^irbTia» 

;&3^S^Ric:;f ir^t-^Abfcc ^^^^SfS'tii^t:: 
7K^7tf;^^^Ab;fc^. ^3em^£;t if^J^:^^i/^i 
o^ffitci^^b. ^^77r-Y h^-y-fe7'<S'-4^8 0 0 

-fe:^^ — 4S:1 2 00'C-^-e#?ab. i^y=l>'S^Sll 
20 «®(Ofti^1tS:ffofco ;'^>;i/;^^^Ab^^ft®(^ 

2 5 ^Ji^^bfco ^ISMS^ 6 o o*c*-emab 

^^M;tf^^AW2;6-b->y ^^-S^l 1 ffi-hd 
Vi^i^ifsl-tb-Ct K^i^v^^AU l:^^tr3J^J^)lsf 
i bX h y y ^^ASr^Abfco )^J12 0 nm(?? 

#^^)ig#BGaN^l 2^Jt«b/z^. by ;^^yi-:^y 
A(D^A^f?ihbfco ^^xSr^^^S-i; bXfflv^fc. iifcv> 
X. 1 0 o o*ct;i#i&b, v^i^^^bxt 

K^-^>tc)!jn;tXT:x^=^T&^Ab. 15>^[::3^J1 
J^sft bX h y ^^-/i';t)'y -^A^sgxbf^o 
30 [0 0 5 21 ^J?:3 //m(OG a Nig 1 S^'^^gbfc^, 
h y p<^/u:*f y "^AO^ASTf^Jtb/c,. 3/im^Si"-5 
G aN^l 3^S(±q2Jfli:?*i9 : SISII-®;^^^^^ 
bfc:XPfSt^'feit{i^b<teM$nfco ^v^x^ ^^gg.^ 

^8 0 ot:t3i^?sb. h y 7<5^/i';^y !?A, hy^'^vu 

T/L'5:^'?A^ b y.^^/Wvv^^^ASrlsl^tc^Ab. 

^ff 0 . 5 fim.(DA. I o.4gG ao.B I no. oeNM 1 4 $r 

figgbfco h y p'^/i':^y ^'A, h y /f /urvi-^^-? 

Ai: h y T'^/i'-r >'i>'i'Ac7?^ASr^?ilibfc^. S^^S. 
^$:l^?Sb3 O Ot;JijlTtO®.at^^Cofci: -5Xt 
40 v'lxi^TV^— r(^^At:iflhbfc„ |£^(^?a^Sr^tg. 
SXI^T^itfcm, ^^^SJS'tll^i^S^S-Sil^tB 
bfco 

[0 0 5 3] :*:%?^t::J:nt^. ^#^;n.fcS$J'B^®li^ffi 
X-^-zw^mt^ J: 6 t =^-^ y T^Slt 1 0 c m-^J^T 
x&»3 , ^igta^*5 8 o or^rfS^ax^D ^t^Jt> 1 o 0 

0'CXfig::g:bfcG a NS. $ blilt^^JSM 1 J: 0 

:|gl l«ffi^jK-fbi-S^t(^J;l5. S*^#ffi/5^^iO:X|5|S 
to^^C±^b< WJ^^. mMmi<r>^'^\^it^X^h 
50 2ffi^mSco^iife^itg;^Sfe$nfco 
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[00 5 41 z<Dm0.^mt. ^yr-irmm^m^^fz. 

[0 0 5 5] (HffiM 6 ) ID 8 \z.if.^mi^W>i^<7:>%Mm 

g^fflv^fcA 1 Ga I nN^^co0^:;^j£(::-ov^T. HI 
[0 0 5 6] ( 1 1 1) U = >'g^ 1 1 ^^aifci^ 

o^ffira^U. ^'^^r^^ hS^-+^-fe7"^-4^^8 0 0 
-feT-^ — 4 ^ 1 2 0 o'c^T-#iaL. v-y^vs^ii 

rt K^v^v^^Ab. l^^^^w3^^Jm^s^t b-c h i; ;^ 
[0 0 5 7] m^x\ mm^^^i 0 0 o'ctd^^ab. 

vmWMt bTt K7-:>^/l^J0^TTV^=r?f^A 
b, l^^^iragi^itsft bX h y '^i'sS-^A 
bfco -WS MmCOGa 1 3 ^^;g:bfcm. hU^ 

a Nm 1 s^mit^m. tfj^'o . m^^m^^h¥i±L.ftx 30 

Pfi(Og^t±^b<teii^$ixfco ^fcv^T^ ^tgMS^so 
orc^Mb. H y > y A, hy^^/i'T/L'5 

^'i'Ai: h y Tt^-'i'-r^'i^'^-^SrlRj^tw^Ab. 

O . 5 fi in(OA 1 o. 4sG a o. B I no. osN^ 1 4 ^0.-^ 

b^c:„ h y 7<^/i';yy h y ^^^ur/v^ ^-^Ai; 

hy7'^>'L'-r>'>=l?-^03i!SA^#il:bfcm. S^iE^^ 
I^ig.b3 0 O'CJitTfT^^a^tC^iofct r 6X1: K7-:>>' 
tr>'^^TO#A^S:#iLbfcc S'te'^taS^^ia'SX 

tL. 40 

[0 0 5 8] ^^^m^jfD^^'S-ti, rnhh-tc'^^mmmnm. 

MX'JJ^— yw^mt^ i: =Sr-r y T^Sll 1 0 c m-^tX 

TX-fol3. ^«?aS*J8 0 0'Ci:^S;^axfol?^f;i^f> 1 0 

O 0'CXfiK:E:bfcG a N®. ^ t^i 1 1^^-^ J: 

PS(7)^^fi^b<OTJ$ixfc„ ^fc. Sffi^^-ft-r-S^ 

tX^^/!»^Oi^®t:iG a N/j>^fife:S-t-5<?5X'. mM0^]6 

[0 0 5 9] z<Dm^:ijmi^. -t^r^rmm^m^'f:- 50 
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[00 6 0] mMMJ) m9\^:^mm<Dm't:<ommm 
<DAlGa I iiNnm<om0.:^m^x'oi¥^i^fcA 1 G 
a I ni^m^oymmmmm^n'^i-. eik^^movpe^ 

E^fflV^fcA 1 Ga I nN^^ro?f?^fe*-^tCOV^X. «1 

&iioxmBj-r5o 

[0 0 6 Ij (111) MGa PS^2 7^=tai5feif^b 
fc^. :S3e^hi-'-6J:{^^^^«S®ibXiSKb. 
^?^^^J^;ti[^tc^AL/-, 1 F*1(oKf^ 

;(/;^^^Abf:i^. %-^$^£cJStl(^ffi;^^l/'l 

iEt::|S:^b. ^^777-^ KSJ-y-fT"^ — 4 0 0[h1^ 
/:9-X-[H]Sc^-a:fco *:;^:7^ v^H^'f'X^^^^r-i' K 

M-y-fe:?'^ — 4^8 0 0'CSX'#?ab. GaPM27 

^®(^ff^'ft:^^tofc» jf;;^^^ >-(OigA&f?iLb. t: 
K7v=x^^AbS^^E{=M'ft^2 85r?i^^bfco S 

tsias^re 0 or^x-i^iabfc^^. ^3^M:*^;=^^At=2 

;5^C.G a PS^2 7m±i'3mJMnt bX h y t'^/U;?/ 

fco ^^x^MffiSt bXfflv^fCo «fev>X, ^^?a^^i 
O00T;i'#?ab. V^M^i: bXt K^>'>'trAp^X 
T^^^T^^Ab. l^^lC3^j!^ils^<tbXhy;^^ 
/u:=tf y ^7 A ^#A bfco 

[0 0 6 2] ^jp:3 (im(DG a NM 1 3 ^rgJcSbf^t^. 
h y >^/U;tf"y (>/.£O^A^^fihbf:io S/zm^^^-TS 
i:. GaN^l 3^ffi[i¥ffli?;£0. 

byLXPfe(?5e«R(«b<<SM$ttfco isfcv^x. ^^s^aa 
&8 o ox:[ri^Mb. h y Tt^/L-:*/ y A. hy^^yu 

7^/1^5 :^T^i^i: h y ^/w>f i^v^-? A^[S^(C^Ab. 

O . 5 /I m(^A 1 o. 46G a o. s I no. osN^ 14$- 
^:ftbfCo h y ^^yu^i^y '^A, K y 7f ^/l-T/l-^ 

S^l^?ab3 0 OX:SXT(^&&i^tg:^tLt^^Xi: h'y 
v'VtTV^-TO^A^rffJhbfc. 

bfc„ 

[006 31 J;nf^. ^i=f3^^/c^fS^B^m^i^^® 

X-^-^i'^*}^ J; =5^-^ y Titbit 1 o c ra-=Jei,T 
Xfci?, S^t^Ga P^fflv^/i^is, i^-:7r-rTJi{rj^fi£ 

bfcA 1 Ga I nNtp]SStOffin°D^/^E.^f^a^B/i^#^ 

^fco ^fc. Ga P^;K2 Y^ffi^^-ft-r-Scti^J: 

^),.s^sl1^®;^'^^^^:Xii^&<^^&(±^b<^^M$n. -y-^ 

[0 0 6 4] Ga PS^f^^-^til^^Sb 

xm^X^^ti. /j;*5, ;$:^^li_bslibfc^miyy(wPI^ 
i^OPS^JXii^'.e^^ AlGa I, nN^^^(^1fffi)ttjPS^ 

$n6'b<?)Xi^ei\ 
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[0 0 6 5] 

Pl&(7?'>/^V> I n^-^tpA 1 Ga I nNWm^i&^X'^B 

[00 6 61 ^fc. I nNi A 1 G a N&2^S{C?^^b 
fcjg?§E0#gM(-J:oTA 1 Ga I nN^J^^^fife-T^) 

CO'C. J:'9;^n"aW^£A 1 Ga I nN^m^M^X'^ 10 
[0 0 6 7] ^it. A 1 Ga I nNU^M^i^^^hA 

^mi'<i&Ul^M°n'S^£A I Ga r n N^^^?i^^-t?# 

[0 0 6 8] ^fc. mfife/^^^^i^t^gE-ft-rs^-fb^-^^ 

^t;^&GaN^t^^¥^^Ba(::5fe3t*>?^fi£i-6c?5r% 

iairJ*£A 1 G a I n N;^^?f$^5ET'^ So 

[0 0 6 91 vtiA^^x. m^^m<D^^^n^^^y^ 

[El 21 Z<D^m<DM~<OMMm(OA I G a InN^^ 
(Dm}^:f7mK^^A 1 Ga I n N»^»ifS^#it|gi 

imS] Z<0^m<DM^<^M^M(^^A I G a I nN^m 
m<DM^:}jmz^^A 1 Ga I nN^MJ^COgfffi^iitlg] 

[|g|4] ;i(?;'^B^(D^^(7)^SfeMtOA 1 G a InN^li 
(7)Jf$fi£::^fe(^J;S A 1 Ga I n N»0C^S^ffi«i^|gl 30 

im5] :L(0^m'7:>'^B<D'MM^iCf>A \ G a I nN^m 



im7} Z<7:>mm'^B^<D^M^\(OA 1 Ga I nN 
(r>m0.:^m^^ 5 A 1 G a I n N?i0(O^E1iitEl 

[giSl r(7:'^?^C^^/^t^^^^I<?:>A 1 G a I n 
<Dm^ijm\:i^?3A I Ga I n N^^(^)E^®MEi 

[12 9 1 ;iCO^B^C^S't(D^JfSM(^A 1 Ga I nN? 

com^:^mzx^A \ Ga i nNmm^^wrmmmm 

I =5^S3^Jj;f 

3 i^mmMmm=^-^/i^ 
5 

6 b 

7 a^s 

8 

II -> u =1 ^-^ts 

1 2 #^^3^H^0GaNM 
13.21 G a NM 

14. 15. 17 A 1 o-4eG a o. 5 I no. oeN^ 
16, 19 Gao. el no. eNM 

1 8 A 1 0-3G ao. 7N^ 

2 0 A 1 o. 3G a o. tN/G a o. b I no. zNHj^IS^ 
2 2 I nN^ 

2 3 A 1 G a Ng 

2 4 ^©6*JA 1 Ga I nNM 

2 5 

2 6,28 ^-ftS 
2 7 G a 



[@2 ] 
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[Sill 



m4] 





23 
22 
23 
22 

23 
22 

23 

22 




me] 



la) 



— ON 



TMI 



njLJi 



OFF 
-— ON 



TMG 



TMA 



OFF 

i-i — ON 



OFF 
— ON 



(b) 



TMI 



TMG 



TMA 



OFF 



ON 



— OFF 
— - ON 



OFF 



n 



i-l — - ON 



OFF 

— ON 



OFF 
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